
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD482322

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 1963. Other
requests shall be referred to Naval
Postgraduate School, Monterrey, CA.

NPS ltr 21 Apr 1972



t ., 

UN CLASSIFIED 
i 

AD l 'ff 2.32.:L -
t • 

. DEFENSE DOCUr~ENTA ilON CENT~R 
FG~ 

SCIENTIFIC ANn lH~HNICAL INFJRMATI')N 

. 
U NC~JAS§][ F JI ED 



NC'l'ICE. llbeD aovemMD" or otlaer clraviJI&•, •peel• 
t1cat.1o:l• or other 4at.a are ~Aeecl tor &D':f p&l'pOH 
o~· ~r tt:.A:l 1n c~-:ect.10G v1t.b a definlt.el,y Nla~ 
coverc:~ent. procunMr.t ope:.t.• oa, t.be u. £. 
Gonrnmect. t.bereby lDC.\&1'1 ro ree:oulblllty, aor &D7 
obl1gat1o:. vbataoever1 &D4 t~ tact t.ll&t t.be Goven&• 
r..er.t. MY bave :oi'All.e' eel, t\&r'.leb~, or lA &D7 W7 
aup~l1e~ t.be ea14 ~'vtna-, ·~1f1eat1one, or otber 
4ab 11 ~ to h r.prde4 '-y 18pl1eat1oa or otber· 
viae a• 1D u,y MDDer 11eeae1Da t.be bo\.der or &D7 
ot.ber penon or corpoa.Uoa, or t• ~ve)'1QC uq J'lttat.tt 
or pemiet10D 1.o ~ruutactun, .... or eel.l azq 
pat.ecV:a lAYeotiOD \bat an u &D7 ~., be relate4 
~ ..... ,. . 

• 



Best 
Available 

Copy 



'v 

. 
• ("'"') - . , _, 

c; 
c;:._. 

·. 

-
t . 1-

0,.~ N.-J <f ' I 
I ~ 
' 

UNITED STATES . 
NAVAL POSTGRADUATE SCHOO 

>-
"-c 
u 
LJ..J 
--I -l 1 • 

f"'';) 

' . 
) 

THESIS 

Rober~ W. Oliver 

Charlc~ H. Sti l well, Jr. 

Th1-r: doc~.o~en~;~bjoo~ t.o ;,1:0o ~1 ~oxP')r\ 
nontrola anoi eao .. ~r~;1~11~t..al to : , ro1zn eovorn-
c:&nl or torurn :~a t1on.1la ~Y bo l·> only wHh 
pr ~c~ opprov~l ,(the U.S. Kava~ Yoote~~t. 
School tCoJo C:S~) . 

! ,. 
. I 



) 

P~BERT ii . OLl'IER 

• • 



■c 

r i 

(OuLTHASOllIC MEASUliEMETS IM MANGAtK* FLUCRIDE IN 

\ TE REGION OF THE N^L Tt^PERATUKE   . 

©  ■' "■'-''; 

Dp 

(ity   Bobort W. 011*er 

Mia» 

«ait 

Chtrle« H. Stllwell, Jr. 

14atintinli|.lln»nr1 BU*—*t»»r 

ULTRASONIC iEASUl'i(0."TS IN   .ANOANEAE ."LUt-MDE IN 

THE REGION OF THE K^EI. TEIPEii.'?UliE 

by 

Robert W. 01 ver 

uxl 

CHrio, H, Stllwer, Jr. 

This work 4.0 Qcc-ptc-i ai fuirUUnj 

tho thoolo rtquire %«nt» for tn» de, -eo of 

Kf'-a OF XW!^ 

■■Hraics 

fron the 

United Statoo uovtl Pc-.tgr. .'lu.e  -choo.' 

Siboitted In partial fulfillment of 
the roquirccento for the degree of 

MASTER OF SCIENCE 

IN 

PHIRIC8 

V-><.ted States Naval Postgraduate School 
Honte -ey, California 

11)1963, 

P     i 

ptulty Adviotr       P/ 

Chfiraar (r 
Ds!>»rt»'-nt of Phyalo« 

V-ror-di 

fc4y^ÄM*jia&«s<««^^ 



-*r^ 

ACKNOWUTGHEKT 

The iiithort vlon to «p.-no  '.hnir »/«rec^tlci for the onthu»l»»tlc 

guiduice of Profecoor John R. NaijhLOura «nd tho «oololonco of T-ioutcnant 

Cotminitr Trunk H. Featharston, U.£ N., and Mr. Lynwood F. Kay of tho U. 

S, tk"ti Poutgraduata School. 

i AliGIlACT 

Ultraoonic wave velocltl«» wora iaaourod In KiF    In 'he roglon 

of the anlif"rromagnetlc transition.    Beth lonfltudl'wl mi «hear lavjc 

wora propasa'.ed In the hllff, d.'.recUon ..t /'•eq-on--ie.' LJ Ic 65 no. 

The Jjngltudinal wav-» ehowed an »tte'iu'tlon p ak at the H'JI terepert- 

tura vhlch Increased with f.-ac-ency.    A oaiyjtlc   'lelc of r.6 jdlogauae 

narrowed the attenuation piaJc »llehtlv, bvt hid ro affect on th- 

toount of attenuation, the location rf tne niak, nor o;  t;:o vloc'.ty. 

Shear waras exhibited a gradual Increaar In ait<-nuatici with decreas- 

ing teaperature, but had m atte.-ua' ion pea»..    A naßneM': fieiu cf 

J.5 kllogauas Increarvl the attenuation of the il.oar w.-vee »er/ »ll«htl^. 

Although It was not po-oiblo tc dUeralna i coopleti   stt of aodull, the 

values at 70   X. appropriate tt  the wavei. moauurid ara^-lr. unit» o» 
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^ The concept of antirerrcwacneiiioi wac firjt ftdv^jjce'l by ^ol in 

)i 1932 in connection with hi» otudies of the -sacceptibil-lj- of 'runoitivo 

metal» and alloy».    He noticed that Pi, Pd.  Hn   ir, and man;  of their 

alloy» »how an anomalouel^ la'ge temperature independent par^aag^etic 

ouoceptibility.    Neel ooot-cd ^hat :ne arrar. traer . of atooiU momentit 

in t oryotal lattice io euch thai, thoy -.r« »nt\purtil»4. at a »uffl^ 

olently low temperature,    Uaing thin mo.'l he »hovied t.ha'> an anti- 

fcrronognet obey» the Curie-Weiie law at high ttmperature», and WK» 

able to obtain formulae for th-< antiferroragnctlc Curie or Neel point. 

Since these errly inveitigation* many »ujataiice» other thin the 

transition motalo hav« baei invtetifatad,    Ktlganeee  'luorlde is one 

of thes«.    At it» Nool tompe.-atur« ('V47e' K.) ancmalieo appear in the 

magnotlo euoceptibility, th- speci.'ic heat, the thermal oxpanrion, 

neutron scattering or.'', nuclear magne'.ic reocnumi frequency,    Tt : 

mechanical prop;rtieo near the Noel teopsrature hwi not been -tetor- 

mined, and thus the present wor'- wu vindnrtakti. 
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EXPEhlhi-NTAL PKOTEDUHE 

1 

A largo randomly oriented jingle cr.- 5tal of HnF2 w&c pur- 

chased from the OptoVftc Corp re* ion  One of the faces of the 

unoriented rough sample was smoothed hj  use of 3/0 curry finishing 

paper on a smooth planar glass surface, A bar.K reflection Laue 

pattern of this facs showed it to be perpendicular '« the [110) 

direction of the crystal. To obtain arethor flat fo-.o parallel 

to the first, the oanplo was placed in a sample preparation holder 

as shown in Fig,  1. T.e smoothed face was placed face down inside 

rf the annular region of the holder which was resting on a smooth 

planar glass ourfoco. This preparation holder was constructed of 

machined ol'iainuo. with the upper and lower face» parallel to 

within 0.CD1 Inches, With the sample In position in the annular 

region of tSj holder, molten eea.ing wax wes poured into the empty 

regions, fcToing a rigid bond between the aajrplo and the holder. 

When the wax had soliuified the glass surface was removed, leaving 

the bottom face of the sample cc-planor with the holder. The 

upper face was then finishert witK 3/0 emery finishing proer, 

taling care not to disturb the co-planar aluminum holder surface. 

When the upper sample face was cc •planar with the holder it was 

considered to be co-planar with the lower face. The simple was 

then removed by heating the sealing wax. 

The upper fooo; lower face aid two of tfj rouüh side facss 

of the sample were then coated v'th Dew Corning Silicont Fluid 

No. 710. These four faces of ".he ocmpli then were wrapped with a 

single thicknooc of 0,0c1. CB olumiiiun coated qylar flla which 

■erred as s radio 'raqusney ground for the transdacsr. The ollicono 

£ 

Copianar    Holder 

Fig. la   Sample   Preonra'ion 
Holder   • 

WHM /I 
Vi3w  A-A 

Fig.lb    CrierfavioT»   of   Mn^ 
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fluid was then nppllud to the supper surface of the nylar, and a 

quartz transducer was placed on this fluid* Bonding with oubotancoo 

other than L-iw Cor'^jig 710 was att^^ptoc , but the bonds were either 

too fragile, or the bonding material caused too great of an inherent 

bonding attenuatijn- The stunple was then rro^tted in the saxnple 

holder. 

Tl $, 2  shows the .»w.iplc holder. Platca A and D of the eampl« 

holder are fixed in position and made rigid by three braso machine 

screwe (not shown in Fig. 2). Plate B is crnotructed of fiber- 

board,, and ie used to ^aide the var'ouo wires used in the holder. 

Plate C \o  a brass ; lat« that uildes vertically on the three brass 

machine screws,, and is fixed in position b/ positioning nuts on the 

three scrnws on both sides of tu>e plate. Mounted in the center of 

plate C is a dielectric centerpiece with the ennter load of the 

coaxial cable mounted 0.1 a brass rod that elides through the di- 

electric. The end o*" „his rod is then mounted to & circular copper 

piece thei, is held in position against the quartz transducer by a 

coil spring between it and the dielectric. The sampl? is placed 

between platas C and D# and plate C is then lowered and secured 

in a position such *.hat the copper r-f p'oci is firmly against the 

quarts transducer. The mylar filn touches plate D, forming the 

electrical contact for the r-f ground return, the holder itself 

being electrically grounded. 

After placing the sample in the oomplo holdnr, the entire 

holder head aseembly ir pr«-cculad and then immersed in the cryo- 

genic fluid. Th- Dow Corning 710 provides a stable, secure borri of 

the transducer to tho mylor,  and of the mvlar to" the sample« Tha 

UAO-tN VlfitS XlU -^ TO/WIflf. C*Blt 

■Z-   DiriCTRlC 

ITE   0 

^^iBe.Hi!. coNsmucnoi.) 

FIG.  2       5AMP!.£      HOLbCR 
5   • • 
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oprinfi preauurc againat the copper r-f piece lif urea contact b<.t.w0n 

the copper and the quart» tramducer. 

The initial radio frequency wave la genu.eatud by an Arenborg 

Pulsed Oscillator using various fraqü-nclor Troa 5 to 70 mc, and a 

pulse length of approxinately two microseconds.   The wave is fed 

slmultanoouoly to the sample holder, and, throtgh the aaplification 

atages, to a Tektronix RM Uik Oscilloscope.    Radio f-equoncy wovos 

excite sound waves in the pieiooloctrlc quart» transducer, and 

these waves are transnittad th.-Jugh the oaaplo.    EcSooc return 10 

the quarts transducer where they excite radii, fruquenoios in the 

quartz, which are then mplified and aioplayed on --hs oacliloacope 

In the proper Urne relation to the ortcina.1 pulse.   Tns :sc.'.ilator 

is externally trigcered to pulae at 1000 pulses per second, allowing 

asiple UO" for the measurement of the returning echoes, 

A achianatic diagram of the electronic apparatus uoäd in this 

exporlaent is shown in fie- 3.   The pulsed oaciUalor la triggered 

by a time jark generator "hloh alsJ generates accurate timing 

marks for dlopiAy on the ooeiUosccpe.    The time-mark trigger alno 

»ynohronlaos ths osclUoocopo U make both trai.es begin at the aas» 

time the pulsed osciUator la triggered.    The pulsed oscillator 

has a built-in trigger delay to allow accurate reading of the 

initial pulae.   The axpoijentlal wave generator is triggered with th» 

satt-, delayed trigger to Insure the expon-mtlal «ave ata-ts ths same 

„imo the sample Is pulsed.    The pulae Is fed to the saaple and 

tlrough the «nplirier aiamltsneoualy, and diaplay«! on trace B of 

the osnilloscopc.   Returning echoes appear in time phase after 

ampliTlcation on trace B,    In rolod.ty meaaurementa, tine oorlto «r« 
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placed on trace A «hich alloHo an accurate method for the deter- 

ninatlon of the time between pulsea.   When attenuation Is neaaured 

the generated exponential vave ia displayed on trace A, and fitted 

to the envelope of the echo pa' cei u ty aupcrijapoaing trace A on trace 

B. 

Velocity of the wave la dotoroined by measuring the tine 

required for the pulse to tranolt the oomple, reflect from the 

opponing face, and re-transit the «ample, and by measuring the 

distance traveled (corrected for thermal expansion of the sample). 

Transit time is the time required for the puloo to make this 

round trip.    The transit time ia measured by deterdining the time 

from a given pulse to a aeriea of following pulsea, with the aid 

of a tima-aark generator«   The time is then plotted as a function 

jf echo number, and en avernft* :r^uit time for a fivon tnaperatura 

■ a        '"cd fron thf    " 

The room temperature sample length was determined by » lerles 

of micrometer measurements to be 1.385 t 0.001 cm.    The thennal 

expansion coefficierts for HnFg were oxaained1, and found to have 

negligible affect on the measured length to within the accuracy of 

the tranait time maasurements in the tenperaturo region being inves- 

tigated.    Accordingly expansion of tho sample was ignored, and the 

velocity of propagation was obtained by dividing tho moan path length 

by tho average tranalt time,   Tiae was dotomined to within 0.01 micro- 

aec. for transit tines of over four microsoc.   The absolute accuracy 

of the velocity was dotomined to 0.2^, although Beaaurementa of the 

1D. F. Qibbona, Phya Rev U^ 1194 (X959) 

8 

relative change in volocity through the Hool temperature ware 

accurate to 0.0131. 

Attenuation was swiasured originally by measuring the amplitude 

of successive pulses, and plotting the results against echo nwsber 

on aemi-logarithn paper.    The resulting plot was a straight line 

whoae elope was a measure of attenuation per unit time.   These 

measurements were convorUd into db cm"1 through the velocity. 

In later •sxperimontj an exponential wave was generated and 

calibrated by use of rasistanca-capacitance circuits, and used for  . 

cooparison with tho envelope formed by the echoee.    Fig. i(a) shows 

echoes typical of the shear wavea.    The time acalo la 10 microsoc. 

per cm.    Examining the envelope of the echoes evidences tho exponen- 

tial decay.   Fig. UM shown the exponential wave generated by the 

exponential wave generator as is displayed on trace ' r" * ho oacillo- 

scc,u ,    Fig. ü(c) showfl  '!.'; l^o tracea supe*"1 .pot^ txp**-? 

tial wave fitted to the echo pattern envelope.   The two pLitema wero 

matched by varying the gains of tho amplifier, oscilloscope, and tho 

exponential wave generator, and by varying the timti constant of the 

exponential wave generator by means of a graduated variable resistor. 

Ths exponential wave generator was calibrated by placing a 

specified setting on the variable resistor of the generator, and 

recording ten amplitudes at equal tinj Intervals.   This data was 

plotted as a function of the setting of the variable reaistanoe on 

the exponential wave generator.   This calibrated the generator so 

that in subsequent oxparimontol runs It was necessary to road only 

the setting of ths resistance dials to determine the attenuation a* 

a function of time.   This attenuation is directly convertible to 

9 
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attenuation as a function of distance.   The dial could be read to four 

significant figures, which give» an accuracy of i 0.001 db cm"1 in 

attenuation below 1.5 db cm    , and an accuracy of i 0.002 db cm 

in the region from 1.5 to 2.1, db cm*1.   Above 2,4 db cm"1 the 

accuracy in attenuation measurements decreases rapidly due to limita- 

tions in determination of the elope of the exponontlol wave gonoratod 

by thi exponential wsvo gunoratur.    The maximum attenuation point wan 

readily discernable, but the actual attenuation may be as ouch as one 

db cm"1 more than that indicated by measurement.   This possible in- 

accuracy affects the moxijimm attenuation measurement of only the 

65.5 mc frequency.    Removal of the trace of the exponential wave, ant 

then replacing and refitting it to the mvelope, was within five 

digits In the fourth significant figure.    If the exponential wave 

trace were fitted continuously to the echo pattern reproducibility 

was to within one digit in four significant figures. 

Initial temperature measurements were made with a copper 

resistance thermometer placed In a position as Indicated in Fig, 2, 

Experiments were performed using liquid oxygen as a cryogenic, and 

calibrating the resistance thermometer against equilibrium vapor 

pressure readings .    Comparisons Indicated a requirement for a more 

accurate and reproducible electrical muaauremont,   A gold-cobalt vs 

copper thermocouple was employed at a position closer to the oamplo, 

as shown in Fig, 2, but its accuracy was limited to approximately 

♦ 0.15 degress in the temperature range under investigation.   Finally 

a sample of very high purity platinum wire was purchased from the 

2H, J, Hogs, Journ, Res, UBS j^. 321 (1950) 
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Western Gold Corporation; was varnished, wound, and placed In the 

position shown in Fig. 2 to more accurately determine the temperature. 

Resistance was measured accurately to within three Dilliohms which 

gives an accuracy in temperature of ♦ 5 millldagrees based upon pub- 

lished dati-1,    I.'i addition to more accurate temperature determina- 

tions, It was found that the time required for the platinum wire 

resistance thermometer to reach thermal equilibrium was almost exactly 

that required for the HnFj sample to reach thermal equilibrium.    When 

shifting to a new temperature by varying tho pressure on the cryogenic 

bath the vapor pressure would reach a steady condition Initially, 

followed in a few seconds by the copper resistance thermometer reach- 

ing steady state, and this followed almost immediately by the gold- 

cobalt vs copper thermocouple,    finally from ten to thirty seconds 

later, depending upon the amount of tasperature shift, the platinum 

resistance thermometer would reach equilibrium.   Measurements mads 

on the sample after the platinum resistance thermometer had reached 

equilibrium were cccnpletely reproducible, whereas measuremento made 

prior to this equilibrium might indicate an inaccurate temperature, 

the error being dependent upon the amount of temperature shift and 

whether the sample was being ceded or wanned. 

Liquid oxygen was chosen as the cryogenic fluid because of its 

stability and temperature range under roadily obtainable pressures 

in the temperature region under inrastlgation.    It is noted that the 

liquid oxygo has a high heat capacity, and that accurate vapor 

pressure measurements may be obtained only if the oxygen Is kept 

3 
H. J. Hoge k T. G. Brlckwedde, Journ. Res. UBS 22 351 (1939) 

12 

.    boiling at a constant rate.   Glass dewar systems wore employed to 

insure that tho boiling was occurring while tha vapor pressure 

measurements wore made.   Glass beads wore placed In the bottom of 

the dewar io act as nuclei for vapor bubbles to fora at the bottom 

of the fluid bath, resulting in continuous boiling, thereby con- 

tributing to a more uniform temperature throughout the cryogonie. 

In malcing measurements with a magnetic field a metal dewar with a 

oaialler diameter than tho glaas dewar was used in order to have tha 

maximum poeeibl« magnetic field on the sample.    Since the boiling 

could not be observed with a metal dewar, tho prime method of tempera- 

turt determination was by electrical means. 
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EXPliHLMZNTAL RESULTS 

Velocity and attenuation mcaaureoents In HnF   were made both 

with a magnetic field and without a magnetic field In the tempera- 

ture range from 56 to 60 degreeo Kelvin, for both longitudinal and 

shear waves, using frequencies In the 6.3 to 65*5 mc range* 

The velocity of sound of the longitudinal wave In the Hitf^ 

sample was constant with temperature and frequency within the region 

measured to within tho accuracies of measurement«    The velocity of 

the longitudinal wave was determined to be 6.60 x 10' cm sec    .    The 

velocity of the shear wave was dependent upon the polarisation, but 

Independent of frequency and temperature In the region considered. 

When the wave was excited parallel to the c axis the velocity was 

determined to be 2.% x 10' em sec ~^,   Perpendicular excitation waves 

had a velocity of 1.62 x 10^ cm sec"^-.    These results are sumsarlted 

In Table I along with the combination of elastic constants determined 

from the velocity measurements.   The density used in computing the 

elastic constants was tfJten to be 3.691 £B cm~3 as listed in the 

ASM card file'. 

- The attenuation of longitudinal and shear waves in HnF. «as 

dependent on temperature and frequency.    For longitudinal waves 

there was a large increase in attenuation in the vicinity of the 

' A 
Neel temperature, 67.336 degrees Kelvin .    This peak is shown in 

Fig. 5 where at venuation is plotted as • function of temperature 

for several different sound frequencies.   The peak attenuation was 

TABLE I 

Measured velocities and corresponding moduli for propagation of 

elastic waves in the [lldj direction in HnF., near the Neel 

temperature. 

Polarization Velocity fem n,^) 

CUOD 6.60 x K'5 

lOOO 2.% x 105 

[Ü0] 1.62 x lo' 

iau' iPn* C66 - 16.92 x 10U 

C^ - 3.57 x 10" 

< 

■^ 

P. Heller and C. B. Bonodok, Phya. Rev. Letters 6 426 (1962) 
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centered at the Wool teaporftture, which, by this present experiment 

was determined to be 67.35 1 .02 degrees Kelvin.    The peak increased 

in magnitude and became relativel/ sharper with increasing sound 

frequency.   Except for the lowest frequency (8.3 no) the attenuation 

increased with decreasing temperature, rising significantly several 

degrees in anticipation of the Noel temperature.    Within the Halts 

of accuracy of temperature measureaonts ths peak attenuation did 

not shift position with increasing frequency.    The results of the 

change in attenuation for various frequenclss is sunnarised in 

Tablu II. 

The effect of an applied magnetic field on the attenuation of 

longitudinal waves near the Wool temperature is shown in Fig. 6, 

This figure shows attenuation for 25 mc longitudinal waves plotted 

in an expanded temperature seals.   Ths filled circles show the 

attenuation for tero applied field and are in agreement with Fig. 

5.    The open circle points show the attenuation for a 3.6 kilogauss 

magnetic field oriented parallel to fllO] and the crosses show 

attenuation for the samo field orisnted parallal to  (001] .    It is 

apparent that the magnetic field did not affect the magnitude or 

the position of the attenuation poak.    However, the amount of 

attenuation iamedlstely adjacent to the Noel temperature was 

decreased slightly with an applied magnetic field, causing an 

apparent narrowing of the attenuation peak. 

Attenuation of shear waves In HnF, was aeasured at three fre- 

quencies, 10, 1$ and 30 mc, for oscillations parallel to the c axis, 

and at one frequency, 15 mc, for osdllatlona porpaidioOnr to the 

c axis.   Fig. 7 shows that, for isro magnatlc field, attenuation vns 

17 

TAB1£ II 

R'^tive changes in attenuation of longitudinal waves propagating 

In the [110] direction in HnF2 at ths Heel tomporaturs. 

Frequency 
(megacycles aoc"1) 

Attenuation 
(db cm-D 

8.3 0.1 

16.0 0.6 

32.0 0.8 

43.0 1.6 

65.5 l.i. 

< 

^ 
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Figur« 6 

Attemutlon vo tonpornturo for longitudinal wwu in llnF, with 3.6 

lillogiuiB naßnotic field appUcd.    (Solid eunro 1« for «oro applied 

flald). 
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found to be dependent on frequency And polarization of the oocilla- 

tions with only slight dependence on temperature.    For the 15 no warea 

the attenuation wae approxiinatcly tripled for a change in polarice- 

tion oscillation fron parallel to the c axia to perpendicular to the 

c axis, although part of this effect may have been due to differences 

in bonding.    With the polarization parallel to the c axia, the actual 

attenuation raried as a function of frequency, but the change in the 

attenuation was approximately conatant, and not a function of fre- 

quency.    It was noted that for 15 mc shear waves there was a alight 

decrease in attenuation near the Neel temperature for both polariza- 

tions.    This decrease did not appear with either the 10 nc or 30 BC 

waves that were measured. 

Attenuation of shear waves with polarization parallel to the 

c axis was measured at 10 mc for a magnetic field of 5.5 kllogauas 

oriented both parallel and perpendicular to the c axia aa shown In 

Fig. 8.   The attenuation was found to bo «lightly dopondont upon tha 

orientation of tho aagnstie field, with the higher attenuation 

occurring with the field perpendicular to the e axia.   The teapera- 

ture dependence of the attenuation of the shear waves In the magnetic 

field waa small, and was of the same charaoteristio aa the attenuation 

without a magnetic field. 

Figure 7 

Attenuation vs teaperatur« for shear waves in MnF, 
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Attenuation vo tcnporoturo for ohoar wavoo In Ita?2 with 5.5 

UlogtuM Bagnstlo Hold applied. (Data pointa anelotad In 

circlet indlcoto run Bade while waning; open circle point« 

Indicate run auda while cooling) ^ 
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Changes in many phyolcal properties including internal friction»' 

and Young's modulus have been measured near the fJeel temperature forV 

other antiferromagnetic materials*    The mechanical properties of the 

metal chromium have been extensively investigated, and show ' 

anomalies at temperatures of 120° K. and 310° K,    Recent low frequendl 
6 9 

measurements at 1 cycle    and at 35 kc   show that the changes In mechai^ 

cal properties are characterized by a dip in Young's modulus and a ric 

in Internal friction at the Weel temperature (310 K.). Both effects j 

persist down to the spin flip temperature (^120 K.) so that the 

resultant curves for well annealed samples as functions of temperature 

show a "channeled" lowering of modulus and an enhancement of attonuatl 

between the two temperatures« The maximum value of attenuation appear 

near the "spin flip" temperature. These results are in agreement with 

Overhauser's treatment of the antiferromagnetiam of chromium as spin 

density waves rather than localized moments. The relatively small 

heat capacity ananoly of chromium near the Neel temperature is also 

explainable in these terms. 
"< 

Other results' obtained at higher frequency (70 kc) show dips in 
t 

the modulus and a peak in the internal friction centered at the Neel 

11 temperature.   Detailed 10 mo measurements     of the elastic constants of 

chromium show that curves of the individual constants aa functions of 

hi, E. Fine, E. S. Ceiner and W. C. Ellis, J Metals 182 56 (1951) 
rB, H. Besmont, H. Chihara and J. A. Morrison, Phil tag 5 188 (1960) 
'H, deKorton, Phil Mag 6 825 (1961) "-«^k. 

JJH. deMorton, Phyo Rev Letters 10 208 (1963) ^ 
,&. Street, Phys Rev Letters 10 210 (1963) ■ 
"A. W. Overhauser, Phye Rev 128 U37 (1962) 

■"fl. I. Bolef and .'. Deklerk, Phys Rev 122 1063 (1963) 
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temper»«.!!« resemble the lower frequency reeulte" on unanneiiled »ped- 

mena.    Dips In the Eodull are evident at both the spin flip and Neel 

temperatures but the Internal friction vas not determined. 
12    n 13 1A 

Experlaente on oxides of csbalt,    *    ' nickel,      and manganese 

show similar effects:    a lowering of modulus and an increase in Internal 

friction as the temperature is lowered past the Neel temperature.   For 

HnO and CoO chances in modulus and well-developed peaks in Internal 

friction are observed and found to occur at temperatures somewhat below 

the Keel temperatures.   A thornodynamlc treatment1'' predicts that the 

internal friction peak and the change In modulus always occur together 

and that the maximum in the internal friction always occurs at a 

temperature lower than the Neel temperature. 

Anomalous behavior of ultrasonic attenuation also has been ob- 

served    '        In the ferrite FejO,   (magnetite).    In magnetite, the Inter- 

nal friction of torsion oscillations of a  [lOO] rod show a peak some 
Q 

20   K. below the transition temperature while the internal friction of 

longitudinal oscillations shows no such peak.   This material changes 

structure upon ordering and the anomalous attenuation and modulus change 

have been interpreted as due to a stress induced ordering.    The change 

In the degree of order caused by a constant applied stress is a tmxlmio 

at the transformation temperature. 

The present results differ from the results quoted above and are 

.fa. Street, Phys Rev Utters 10 210 (1963) 
ff«. E. Fine, Hev Mod Phyi 2J 156 (1953) 
%>».. Street and B. Lewis, Nature 168 1036 (1951) 
■"•K. P. Belov, 0. I. Xatayev and H. Z. Levitln, Journ Appl Phys 31 1533 
lc(1960) "" 
15M. E. Fine and K. T. Kenney, Phys Rev % 1573 (19») 
16D. 1.  Olbbon», Journ Appl Phys 28 810 (1957) 
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characterised by: 

a. no change in wave velocity was observed at the Neel 

temperature, 

b. an attenuation peak for longitudinal waves at the Heel 

temperature which Increases with frequency. 

c. no observed change In this peak as a result of applied 

magnetic field. 

d. an absence of an attenuation peak at the Neel temperature 

for the shear waves. 

e. a slight dependence of shear wave attenuation on the 

orientation of applied magnetic field. 

No change in acoustic wave velocity was observed for each of the 

three polarisations when the sample temperature was lowered through 

the Neel temperature.   Any velocity change is estimated to be less than 

one part In 5000 and a change in modulus Is apparent only through the 

thermal expansion.    For HnF   the change In length along the a axes first 

decreases and then Increases with decreasing temperature; being zero at 

60   It.    Thus the ch-ngo in modulus through the Neel. temperature is seen 

only through the change in thermal expansion parallel to the c axis. 

For • temperature change from 70   t. to 60° X. this change amounts to 

about three parts In 10 . 

The attenuation peak for the longitudinal waves occurid at 67.35° K. 

for all froquoncleo ineaourid.    The majtlmin value observed was over 2.6 db 

en" ,    Although the peak is approximately of the same magnitude as that 

observed for MnO and CoO, no large accompanying change in modulus is ob- 

served.    (The modulus changes obssrved In HnO and CoO at lover frequencies 

ware approxlcatoly fifty percent.)   No thermal hysteresis was evident in 

25 
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the longitudin»! w»ve experljatr.-.s although «n apparent »mall thermal 

turstereslB for »hear wave» 1» ohown in Fig. 8.   In thin figure the open 

circle points »how the attenuation of shear waves while cooling and the 

dotted center points are for warming.    These points are close enough 

together to bo within the absolute experimental error. 

As shown in Fig. 6, the effect of an external magnetic field is to 

slightly diminish the attenuation in the vicinity of the oaxljauB,, but not 

to affect the magnitude or position of the maximum.   In view of the large 

internal field in KnF2 it is probable that an/ change in peak height or 

position will become observable only with the application of much larger 

fields than the present experiment allows. 

For shear waves, an attenuation peak was not observed near the Keel 

temperature.   The only effect of an external magnetic field was to change 

the general attenuation level with field orientation.    Fig. 6 shows that 

with the field parallel to the opin allgronont direction (c axis) the 

attenuation was slightly Increased. 

The transition in HnF2 at ^67" K. in thought to be1' an order dis- 

order phase change between the two orientation» of spins.   A thermodjmaaie 

treatment of second order phase changes predicts that the thermal cxpan- 

alon coefficient, specific neat and Isothermal comprcssibilit/ of an Iso- 

tropie solid should all become large at the transition temperature.   Fron 

the oeasurementi taken here It is apparent that any large change* in the 

compregsibillty oust come about thrüugh change» in elastic constant» other 

than those measured.   Experiments to determine this effect, principally 

through changes in C03, »ill be continued. 

17. T. Nagayisa, E. Toaida and B. Kubo, Ad Phyo ^ 1 (195;) 
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APPENDIX 1 

CALCULATIONS 

Velocity Chased on [UOj direction of propagation) 

(a)   Velocity of longitudinally polarized waves,   JjlQl polarliatlon. 

V - 2d 
t 

V - 2 y 1.3B6 cm 
4.20 microaec 

d is thickneo» of »amjvlo, 1,386 cm 
t 1» total transit time, 4.2 microBec 

■ 6.60 x 10 cm eec"1 

Cb)   Velocity of shear waves polarliod parallel to c axi».  fOOll 
polarization 'r^ 

d remain» 1.386 cm 
t measured as 9.45 mlcrosec 

V - 2 x 1.3B6 cm   - 2.94 x 105 cm sec"1 

9.45 microsec 

(c)   Velocity of shear wave» polarirod perpendicular to c axis 
lllOJ polarization 

d remains 1.366 cm 
t measured as 17.10 microsec 

V - 2 x 1.386 cm 
17.10 microsec 

■ 1.62 x 105 cm sec-1 

2.   Attenuation 

-1 The »lope of the calibrated exponential curve was In sec 

attenuation In db CB"
1
 the following calculation was ooployedi 

;    ■= Slope of c curve fin ne.     1__^i 

1 sec-l) 

For 

Attenuation (in db cm" )   . Slope of e curve (in sec-l) x 6.636 
Wav« velocity (In ■ ^"r 

3.   Blastlo Constants, uncorreoted for thermal expansion ( [llo] 

dlrsotlon uf propagation)^- 3,891 go ca"^ 

(a)     [110] polarization 

ten'iPvi* C66 - cV3 - 3.891 gm cm-3 x (6.60 X 105 cm sec"1)2 

- 16.95 x 1011 dyne cm"2 

" '  '■ 28 
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(b) [Ml] polarisation 

Cu - cV   • 3.891 s» cn"^ x (2,% a 105 «a »oc"1)2 

- 3.363 x 1011 dyne a.-3 

(c) fuoj polarization 

i{Cll " Oj^) - C V2 • 3-891 8» m"3 « (1.62 X 105 cm «oo-1)2 

- 1.021 x 1011 djmo cm"2 

A.   Corroction for thormal «xpuulon at 70° i. 

a axini AL - 0.3 x ItT4 x L-_ 
1^ - ^ (1 . f. T273 

c axlri vi AL - -ia.6 x ICH» x Lj- 
Lye   - 12,3 (1 ♦ e» )   '" 

'273 *   c273 
Vol70 - L2 1^. - ^^ x L027i (1 . £, )2   {!,€,) 

CTO ' 
»»170      v273 u ♦ c; r (i ♦ ea ) 

V (velocir.r) - L. 

2 T 
(eAo 

v273 

273        T 

K    .  
(1» €,    J2 (1»6,~) 

« (1 ♦ g.    )   !■, 
273 

■    (ev )273«.-l,._. 
'J     1 ♦ C* 

- (ev2)273 a-cz ) 

-   {6^273   (1 - "^ x lO"4) 

(e»2)7o - (cA.73 <0-'981) 

This corroction was applied to oomputatlons In part 3 of thia 

appaodlz to provide data for Table 1. 
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